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(57) ABSTRACT

An electronic endo scope system includes a light source that
emits light including at least a visible light band, an optical
filter that has a transmittance peak at a particular wavelength
within a continuous wavelength band including at least the
visible light band and that has a transmittance distribution
which is based on the transmittance peak within an entire of
the continuous wavelength band except the transmittance
peak, an optical filter switching unit that inserts and retracts
the optical filter into and out of an illumination optical path of
the light source, a color solid state image pick-up device that
receives reflected light from a subject illuminated with illu-
mination light which has passed, or not passed, through the
optical filter, and an image generating unit that generates a
color image displayable on a monitor by processing an imag-
ing signal output by the solid state image pick-up device.

6 Claims, 5 Drawing Sheets
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ELECTRONIC ENDOSCOPE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of pending U.S.
patent application Ser. No. 13/577,742, filed on Aug. 8, 2012,
which is National Stage of International Patent Application
No. PCT/JP2011-050617 filed Jan. 17, 2011, which claims
priority under 35 U.S.C. §119 of Japanese Application No.
2010-027269 filed on Feb. 10, 2010, the disclosures of which
are expressly incorporated by reference herein in their entire-
ties.

TECHNICAL FIELD

The present invention relates an electronic endoscope sys-
tem for observing a color image of a subject, and more spe-
cifically to an electronic endoscope system suitable for allow-
ing an operator to observe the entire structure of a particular
organism.

BACKGROUND ART

As a system for making a diagnosis on an inner portion of
a body cavity of a patient, an electronic endoscope system is
generally known, and has been put into practical use. An
electronic endoscope having a function of illuminating a sub-
ject with light via a narrow band filter which allows light
having a wavelength band, within which a particular organ-
ism exhibits a high absorption property, to pass therethrough,
and generating a spectral image highlighting the particular
organism by receiving a scattered light component from the
subject is known. However, in the electronic endoscope sys-
tem of this type, the observable wavelength band is fixed.
Therefore, there is a problem that a normal color image can-
not be obtained, and it is impossible to conduct a comparative
diagnosis between a normal color image and a spectral image.

For this reason, for example, Japanese Patent Provisional
Publication No HEI 1-297042A (hereafter, referred to as
patent document 1) proposes an electronic endoscope system
which makes it possible to conduct a comparative diagnosis.
Specifically, the electronic endoscope system described in
patent document 1 is configured to control the wavelength
band of illumination light by switching the bandpass filter
turret arranged on an illumination light path and to selectively
generate a spectral image and a normal color image. By
shooting both of these images and then making a comparison
between these images, it becomes easier to understand the
relationship between a particular organism and another
organism, and therefore advantages that the accuracy of a
diagnosis is enhanced can be expected.

SUMMARY OF THE INVENTION

However, in the electronic endoscope system described in
the patent document 1, it is impossible to simultaneously
observe both of a spectral image and a normal color image,
and therefore it is only possible to make an observation while
indirectly comparing both of the images. For this reason,
there is drawback that it is not always possible to precisely
determine the relationship between a particular organism and
another organism. Furthermore, there is a drawback that,
since the light amount is cut off largely by the narrowband
filter, the brightness of the obtained image is low.

The present invention is made in view of the above
described circumstances. That is, the object of the present
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2

invention is to provide an electronic endoscope system suit-
able for enhancing the brightness of a spectral image which
highlights a particular organism and suitable for allowing an
operator to understand the relationship between the particular
organism and another organism.

To solve the above described problem, according to an
embodiment of the invention, there is provided an electronic
endoscope system including a light source that emits light
including at least a visible light band, an optical filter that has
a transmittance peak at least at a particular wavelength band
within a continuous wavelength band including at least the
visible light band and that has a transmittance distribution
which is larger than zero and is smaller than a half of the
transmittance peak within an almost entire region of the con-
tinuous wavelength band excepting the transmittance peak; a
color solid state image pick-up device that receives reflected
light from a subject illuminated with illumination light via the
optical filter; and an image generating unit that generates a
color image which can be displayed on a monitor by process-
ing an imaging signal output by the solid state image pick-up
device, and the optical filter has the transmittance distribution
satisfying: (1) having the transmittance peak at at least one of
particular wavelength bands of 380 nm to 420 nm, 470 nm to
490 nm and 550 nm to 560 nm; and (2) the at least one of
particular wavelength bands in (1) necessarily includes at
least one of particular wavelength bands 0f 380 nm to 420 nm
and 550 nm to 560 nm. The electronic endoscope system
according to the invention may further include an optical filter
switching unit that inserts the optical filter into an illumina-
tion optical path of the light source and retracts the optical
filter from the illumination optical path.

When a subject is illuminated via the optical filter accord-
ing to the invention, it is possible to generate a spectral image
whose brightness is enhanced while including the particular
organism and another organism in one screen and to display
the image on a display screen of a monitor. In addition, by
retracting the optical filter from the illumination optical path
as appropriate, it is possible to display a normal color image
on the display screen. As the particular wavelength, the wave-
length suitable for absorption by hemoglobin can be consid-
ered. The wavelength suitable for absorption by hemoglobin
is, for example, around 400 nm or around 550 nm.

The electronic endoscope system according to an embodi-
ment may further comprising an operation means that accepts
an input operation of a user. In this case, the optical filter
switching means inserts the optical filter into the illumination
optical path or retracts the optical filter from the illumination
optical path in accordance with the input operation accepted
by the operation means.

According to the invention, an electronic endoscope sys-
tem suitable for enhancing the brightness f an spectral image
highlighting the particular organism and for allowing an
operator to recognize the relationship between the particular
organism and another organism.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an outer appearance of an electronic endoscope
system according to an embodiment of the invention.

FIG. 2 is ablock diagram illustrating a configuration of the
electronic endoscope system according to the embodiment of
the invention.

FIG. 3 is a graph illustrating a spectral property of an
optical filter provided in a processor according to the embodi-
ment of the invention.
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FIG. 4 shows observation images obtained when a subject
is illuminated with an optical filter and when the subject is
illuminated without the optical filter.

FIG. 5 is a graph illustrating a spectral property of an
optical filter of a processor according to another embodiment.

FIG. 6 is a graph illustrating a spectral property of an
optical filter of a processor according to another embodiment.

FIG. 7 is a graph illustrating a spectral property of an
optical filter of a processor according to another embodiment.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

In the following, an electronic endoscope system accord-
ing to an embodiment of the invention is explained with
reference to the accompanying drawings.

FIG. 1 is an outer appearance of an electronic endoscope
system 1 according to the embodiment. As shown in FIG. 1,
the electronic endoscope system 1 includes an electronic
scope 100 for imaging a subject. The electronic scope 100
includes a flexible tube 11 covered with a flexible sheath 11a.
To a tip of the flexible tube 11, a tip part 12 covered with a
resin housing having rigidity is connected. A bending part 14
provided at a joint part of the flexible tube 11 and the tip part
12 is configured to be able to bend freely by a remote control
(specifically, an rotation operation for a bending operation
knob 13a from a hand operation unit 13 connected to a proxi-
mal end of the flexible tube 11. This bending mechanism is a
known mechanism installed in a general endoscope, and is
configured to bend the bending part 14 by drawing of an
operation wire in conjunction with rotation of the bending
operation knob 13a. Since the direction of the tip part 12 in
accordance with the bending motion by the above described
operation, an imaging area of the electronic scope 100 moves.

As shown in FIG. 1, the electronic endoscope system 1
includes a processor 200. The processor 200 is provided
integrally with a signal processing device which processes
signals from the electronic scope 100, and a light source
device which illuminates the inside of a body cavity to which
natural light is not able to reach. In another embodiment, the
signal processing device and the light source device may be
provided separately.

The processor 200 is provided with a connector part 20
which corresponds to a connector part 10 provided at a proxi-
mal end of the electronic scope 100. The connector part 20 has
a connection structure corresponding to the connector par 10,
and is configured to electrically and optically connect the
electronic scope 100 with the processor 200.

FIG. 2 is a block diagram illustrating a configuration of the
electronic endoscope system 1. As shown in FIG. 2, the elec-
tronic endoscope system 1 includes a monitor 300 connected
to the processor 200 via a predetermined cable. In FIG. 1, the
monitor 300 is omitted for the sake of simplicity.

As shown in FIG. 2, the processor 200 includes a system
controller 202 and a timing controller 204. The system con-
troller 202 controls components constituting the electronic
endoscope system 1. The timing controller 204 outputs clock
pulses for adjustment of processing timings for signals to the
various circuits in the electronic endoscope system 1.

After activation by a lamp power igniter 206, a lamp 208
emits light having a spectrum extending mainly from a visible
light band to an infrared light band which is invisible (or light
including at least a visible light band). As the lamp 208, a high
luminance lamp, such as a xenon lamp, a halogen lamp and a
metal halide lamp, is appropriate. The illumination light emit-
ted from the lamp 208 is converged by a condenser lens 210,
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4

and the light amount thereof is limited to an appropriate
amount via an aperture stop 212.

To the aperture stop 212, a motor 214 is mechanically
connected via a transmission mechanism, such as an arm and
a gear, (not shown). The motor 214 is, for example, a DC
motor, and is driven under drive control of a driver 216. In
order to adjust the brightness of video displayed on the moni-
tor 200, the opening of the aperture stop 212 is changed by the
motor 214 so that the amount of light emitted from the lamp
208 is limited in response to the opening. A reference for
determining an appropriate brightness of video is changed in
response to an operation for adjusting brightness by an opera-
tor with respect to a front panel 218. It should be noted that a
photometric circuit for adjusting brightness by controlling the
driver 216 is a known circuit, and therefore explanation
thereof is omitted in this specification.

Various types of configurations can be employed for the
front panel 218. Examples of specific configurations of the
front panel 218 include hardware keys mounted on a front
surface of the processor 200, a touch panel type GUI (Graphi-
cal User Interface) and a combination of hardware keys and a
GUL

The illumination light which has passed through the aper-
ture stop 212 is spectrally separated by an optical filter 213
and is incident on an entrance facet of a LCB (Light Carrying
Bundle). To the optical filter 213, a motor 215 for driving
under drive control of the driver 216 is mechanically con-
nected via a transmission mechanism, such as an arm and a
gear, (not shown). The motor 215 inserts the optical filter 213
into an optical path or retracts the optical filter 213 from the
optical path in accordance with a switching operation with
respect to the front panel 218 by the operator. During a time
period in which the optical filter 213 has been retracted from
the optical path, the illumination light which has passed
through the aperture stop 212 enters directly to the entrance
facet of the LCB 102. As the motor 215, for example, a
galvano motor or a servo motor can be used.

The illumination light which has entered to the entrance
facet of the LCB 102 propagates through the LCB 102 while
repeating the total reflection. The illumination light which has
propagated through the LCB 102 exits from an exit facet of
the LCB 102 provided as a tip of the electronic scope 100. The
illumination light which has exited from the exit facet of the
LCB 102 illuminates the subject via a light distribution lens
104. The reflected light from the subject forms an optical
image on a photoreception surface of a solid state image
pick-up device 108.

The solid state image pick-up device 108 is, for example, a
single-chip color CCD (Charge Coupled Device) image sen-
sor, and is configured to accumulate charges corresponding to
the light amount of the optical image formed on pixels on the
photoreception surface and convert the optical image into an
imaging signal corresponding respective colors of R, G and
B. The converted imaging signal is amplified by a pre-ampli-
fier, and thereafter is output to the signal processing circuit
220 via a driver signal processing circuit 112. In another
embodiment, the solid state image pick-up device 108 may be
a CMOS (Complementary Metal Oxide Semiconductor)
image sensor.

The driver signal processing circuit 112 accesses a memory
144 and reads unique information of the electronic scope 100.
The unique information of the electronic scope 100 includes,
for example, the number of pixels and the sensitivity of the
solid state image pick-up device 108, the supported rate and
the model number. The driver signal processing circuit 112
outputs the unique information read from the memory 114 to
the system controller 202.
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The system controller 202 executes calculations based on
the unique information of the electronic scope 100, and gen-
erates controls signals. The system controller 202 controls the
operations and timings of the various circuits of the processor
200 by using the generated control signals so that appropriate
processes are executed for the electronic scope being con-
nected to the processor 200. The system controller 202 may
be configured to have a table in which the model number of
the electronic scope and the control information suitable for
the electronic scope having the model number are associated
with each other. In this case, by referring to the control infor-
mation in the association table, the system controller 202
controls the operations and timings of the various circuits in
the processor 200 so that an appropriate process can be
executed for the electronic scope being connected to the
processor 200.

The timing controller 204 supplies the clock pulses to the
driver signal processing circuit 112 in accordance with timing
control by the system controller 202. In accordance with the
clock pulses supplied from the timing controller 214, the
driver signal processing circuit 112 drives and controls the
solid state image pick-up device 108 at timing which is in
synchronization with the frame rate of the video processed on
the processor 200 side.

To the signal processing circuit 220, the imaging signal
from the driver signal processing circuit 112 is inputted. The
imaging signal is subjected to various processes including
clamping, knee, interpolation, AGC (Auto Gain Control) and
AD conversion, and is buffered into frame memories (not
shown) for respective color signals of R, G and B on a frame-
by-frame basis. Each buffered color signal is swept out from
the frame memory at timings controlled by the timing con-
troller 204, and is converted into a video signal complying
with a predetermined standard, such as NTSC (National Tele-
vision System Committee) or a PAL (Phase Alternating
Line). The converted video signal is sequentially inputted to
the monitor 300, and thereby the image of the subject is
displayed on the display screen of the monitor 300. More
specifically, during a time period in which the subject is
illuminated while the optical filter 213 is inserted into the
optical path, the spectral image highlighting a particular
organism is displayed. During a time period in which the
subject is illuminated while the optical filter 213 is retracted
from the optical path, the normal color image is displayed.

FIG. 3 is a graph illustrating the spectral property of the
optical filter 213. The vertical axis of FIG. 3 represents the
normalized transmittance, and the horizontal axis represents
the wavelength (unit: nm). As shown in FIG. 3, the spectral
property of the optical filter 213 has transmittance peaks near
400 nm, 550 nm and 650 nm, and has the transmittance larger
than or equal to a certain value at least in a range extending
from the visible band to the infrared band (e.g., 380 nm to
1000 nm).

The transmittance larger than equal to the certain value in
the range extending from the visible band to the infrared band
is larger than 0 and is smaller than the half of each transmit-
tance peak. In this embodiment, by intentionally setting the
transmittance of light other than the particular wavelength for
highlighting the particular organism to be a large value, it
becomes possible to suppress the light amount cut by the
optical filter 213 and to increase the brightness of the spectral
image, and it becomes possible to concurrently shoot the
image of another organism other than the particular organism.
Furthermore, by setting the transmittance to be smaller than
the half value of each transmittance peak, decrease of the
detection sensitivity with respect to the particular organism
can also be effectively suppressed. That is, according to the
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embodiment, by illuminating the subject via the optical filter
213, it is possible to simultaneously include the particular
organism and another organism on one screen, and to display
the spectral image whose brightness is enhanced on the dis-
play screen of the monitor 300.

FIG. 4(a) shows an observation image obtained when a
subject is illuminated without using the optical filter 213, and
FIG. 4(b) shows an observation image obtained when the
subject is illuminated via the optical filter 213. The images of
FIG. 4(a) and FIG. 4(b) are images of the same subject (a
buccal cavity). As shown in FIG. 4(a), when the light does not
pass through the optical filter 213, a mucous membrane struc-
ture in the buccal cavity is observed as a brighter image. Since
a particular organism is not highlighted, the image is totally
flat. As shown in FIG. 4(b), when the light passes through the
optical filter 213, the mucous membrane structure in the
buccal cavity is observed as a brighter image together with a
particular organism while the particular image is highlighted.
The bands near the 400 nm and 550 nm corresponding to the
transmittance peaks tend to be absorbed by hemoglobin.
Therefore, the particular organism observed here is a blood
vessel in the buccal cavity. Since the illumination light emit-
ted using the optical filter 213 is not narrow band light but is
wide band light, various types of organisms can be observed
in accordance with respective invasion depths of wave-
lengths.

The foregoing is the embodiment of the invention. The
invention is not limited to the above described configuration,
but can be varied in various ways within the technical concept
of the invention. For example, the spectral property of the
optical filter 213 is not limited to that shown in FI1G. 3, but can
be appropriately set in accordance with an organism of an
observation target. FIGS. 5 to 7 illustrate examples of such
spectral properties. In each of FIGS. 5 to 7, the vertical axis
represents the transmittance and the horizontal axis repre-
sents the wavelength. In each of the spectral properties, at
least one transmittance peak exists in a predetermined wave-
length band, and the transmittance which is larger than zero
and smaller than the half of the transmittance peak distributes
over a wide band (at least over a visible band). In addition, the
spectral property in FIG. 5 has the transmittance peak at the
wavelength band (380 nm to 420 nm) suitable for absorption
by hemoglobin and at the wavelength band (470 nm to 490
nm) suitable for absorption by the large intestine. Therefore,
the spectral property is appropriate for observing, as a bright
image, a mucous membrane structure and a blood vessel
structure in a surface layer. The spectral property in FIG. 6 has
the transmittance peaks at the wavelength bands (380 nm to
420 nm and 550 nm to 560 nm) suitable for absorption by
hemoglobin. Therefore, the spectral property is appropriate
for observing, as a bright image, blood vessel structures in a
surface layer and a deep layer together with a mucous mem-
brane structure of an organism. The spectral property in FIG.
7 has the transmittance peak at the wavelength band (550 nm
to 560 nm) suitable for absorption by hemoglobin. Therefore,
the spectral property is appropriate for observing, as a bright
image, a blood vessel structure in a deep layer together with
a mucous membrane structure of an organism.

What is claimed is:

1. An electronic endo scope system, comprising:

a light source that emits light including at least a visible

light band;

an optical filter that has a transmittance peak at least at a

particular wavelength band within a continuous wave-
length band including at least the visible light band and
that has a transmittance distribution which is larger than
zero and is smaller than a half of the transmittance peak
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within an almost entire region of the continuous wave-
length band except the transmittance peak;

a color solid state image pick-up device that receives
reflected light from a subject illuminated with illumina-
tion light via the optical filter; and

an image generating unit that generates a color image
which is displayable on a monitor by processing an
imaging signal output by the solid state image pick-up
device,

wherein

the transmittance peak is at least two particular wavelength
bands of 380 nm to 420 nm, 470 nm to 490 nm and 550
nm to 560 nm,

the transmittance distribution extends continuously
between the at least two particular wavelength bands,
and

the at least two particular wavelength bands necessarily
include at least one particular wavelength band of 380
nm to 420 nm and 550 nm to 560 nm.

2. The electronic endoscope system according to claim 1,

further comprising:

an optical filter switching unit that inserts the optical filter
into an illumination optical path of the light source and
retracts the optical filter from the illumination optical
path.

10

15

20

8

3. The electronic endoscope system according to claim 2,
further comprising:

an operation unit that accepts an input operation of a user,

wherein the optical filter switching unit inserts the optical
filter into the illumination optical path or retracts the
optical filter from the illumination optical path in accor-
dance with the input operation accepted by the operation
unit.

4. The electronic endoscope system according to claim 1,
wherein the transmittance distribution has the transmission
peak at three particular wavelength bands of 380 nm to 420
nm, 470 nm to 490 nm, and 550 nm to 560 nm.

5. The electronic endoscope system according to claim 1,
wherein the transmittance distribution has the transmission
peak at the two particular wavelength bands of 380 nm to 420
nm and 470 nm to 490 nm.

6. The electronic endoscope system according to claim 1,
wherein the transmittance distribution has the transmission
peak at the two particular wavelength bands of 380 nm to 420
nm and 550 nm to 560 nm.
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